(physics) and H.G. Beavan (mathematics). He acquired a reputation for his awesome organizing ability.
John won a Major Scholarship to Trinity College Cambridge. During the entrance examination in physics at the Cavendish Laboratory he made disparaging remarks about the quality of the magnetometers to an invigilator who had asked him if he enjoyed playing football. The invigilator turned out to be Sir Joseph Thomson, P.P.R.S., Master of Trinity! He went up to Cambridge in 1936 and read for the Natural Science Tripos. His filing system astonished his fellow undergraduates. His collected sets of lecture notes in his meticulous handwriting are a valuable record of teaching in Cambridge at that time. He attended courses by Lord Rutherford, P.P.R.S., Sir Joseph Thomson and Sir Gowland Hopkins, P.P.R.S. His first interest in proteins was awakened by F.J.W. Roughton, F.R.S., who supervised him in biochemistry. He developed a passion for music and became very knowledgeable on Joseph Haydn and his works. Music, archaeology and architecture became interests that he maintained for the rest of his life. His mother had considerable influence on the development of John's cultural pursuits.
In June 1939 he graduated in chemistry with a first-class honours degree. He immediately started research on reaction kinetics with E.A. Moelwyn-Hughes, but this research broke off after a few months because of the outbreak of World War II.
T ,   
As John said of himself, he could be a contrary character. Thus at school he abjured the Officer Training Corps (OTC) because membership was expected. However, soon after his arrival at Cambridge he joined the OTC because nobody else did. Thus, on the outbreak of war, on the basis of his early experience with two-way radio in the Signals Unit of the Cambridge OTC he was recruited into the Telecommunications Research Establishment, where he worked on oscillators and aerials for early radar applications. He was appointed as a junior research officer to Air Ministry Research. He was asked to develop a microwave oscillator (Barkhausen-Kurz) with sufficient output power for airborne radar. His efforts only produced low output from the vacuum tubes available and John was quite relieved when the cavity magnetron was invented at Birmingham University. In 1940 John joined the staff of Sir Robert Watson-Watt (F.R.S. 1941). He took part in the first air interception radar equipment flight trials and related how, on one test flight, they flew after a Royal Air Force (RAF) target that they thought the radar showed, only to realize as they crossed the coast of France that they were following a German plane. During this time he became a friend of Michael Weizmann, Chaim Weizmann's eldest son. John was in radio contact with Michael Weizmann as his blazing plane plummeted into the ground. In September 1940 he was seconded to Coastal Command to evaluate the performance of radio direction finding (RDF, later to become known as radar) in Aircraft Detection of Surface Vessels (ASV) in flying boats, in which he flew many sorties around the north of Ireland. He reported on the effectiveness of dropping depth charges and, for example, that the RDF sets were mostly switched off because of the piercing noise they made; they also ran the aircraft batteries flat. These were his first contributions to operational research (OR).
In February 1941 the Italian Army in Libya had been routed and O'Connor was poised to take Tripoli. To the consternation of the Middle East commander, Sir Archibald Wavell, Minister, and her sister Aura married Vivian Herzog, later President of Israel. However, these youthful friendships forged in wartime Cairo survived for the rest of John's life and together with his earlier friendship with Michael Weizmann led to a long and active association with the Weizmann Institute.
Back in London, John prepared for the Far East posting that had been in the air for about a year. As a summary of his experiences in Middle East Command he wrote a report entitled 'The Air Sea War in the Mediterranean Jan 42-May 43'. He concludes:
…the policy of concentrating primarily on the sinking of southbound fuel supplies was a sound one. Further it will not detract from the achievements of the Eighth Army to record that in every case during the great retreat when the enemy made a stand, that stand was abandoned not primarily because of the direct attack of the Eighth Army but because available fuel supplies while sufficient for a battle or for further retreat could not be eked out to suffice for both. Subsequently Rommel's diaries showed this analysis to be accurate. However, in 1943, in the face of Montgomery's 'spin-doctoring', the fact that a 26-year-old was able to submit such a report is a credit both to the author's courage and to the important inroads that OR had made on the thinking of the military establishment. In 1943 John was mentioned in Despatches.
John was promoted to Wing Commander O.R.S. Headquarters Air Command South-East Asia, New Delhi, where he arrived at the beginning of 1944. After wartime London, New Delhi seemed plush. Hotels were only permitted to serve three-course meals but sweets did not count and the servings were not limited. John conferred with A.V. Hill, F.R.S., who had the idea of setting up a technical research establishment in India to consider particularly those technological and development problems that arise in the tropics. John renewed his interest in bombing effectiveness and bombing accuracy, and contacted J.D. Bernal, F.R.S., whom he had first met in Cairo. However, there was a lot of administration. John was not happy with the work. Moreover, it now seemed that a jungle war in South-East Asia probably would not take place. John therefore planned to leave India in October and return home. To fill in time he read a number of books, including Science and ethics by C.H. Waddington (F.R.S. 1947), which led to many heated discussions with the author when he was in Delhi.
However, first there were trials to be performed. John left Delhi on 27 September for Kandy, Ceylon, the headquarters of Lord Mountbatten, Supreme Allied Commander in South-East Asia. Trials of high explosives and napalm for clearing jungle were taking place. Bernal was involved in these trials. This led to an interchange that was to determine John's career. While waiting for an elephant to move a landmine into place, Bernal explained to John that to understand life it was necessary to understand the structure of proteins. Bernal suggested that John should contact Max Perutz (F.R.S. 1954) at the Cavendish on returning to England. At last, on 4 March 1945, John headed for home via Australia, the USA and Canada. In Los Angeles, John visited Linus Pauling (For.Mem.R.S. 1948), who also told him that protein structure was of central importance in biology. John was now determined to work on protein structure.
On returning to London, John worked at the Air Ministry for a few months. During this time he began wondering about planning science and wrote:
It was everywhere agreed before the war among thinking scientists that science was so badly organised in the Nation as to be hardly organised at all. Nothing was done to remedy this because those in positions of authority were unable to grasp this point of view. Science developed in an atmosphere of free capitalistic competition as an adjunct, a method of increasing profits by reducing costs: the fundamental dependence of industry on science and indeed on the whole fabric of a technological civilization was not realised.
The war has changed all that, but memories are short. Why do we need a more satisfactory central organisation of science? First of all the demand for trained scientists outruns supply by a large factor. Research needs must be estimated and personnel organised on a national basis.
John's interest in the organization of science, so much a hallmark of his later career, was revealed.
M
John Jarvie, one of John's close friends from Trinity, went down with the HMS Dorset in the Far East in 1942. John married his widow, Elizabeth (née Gorvin), in St Mary's the Less, next to Peterhouse, in 1948. Elizabeth was studying medicine in London, and the Kendrews had a flat in Blackheath. John also had rooms in Peterhouse. When Elizabeth qualified in 1951, they moved to 1 Tennis Court Road, Cambridge. Later, when John was working through the night on EDSAC I in the Cambridge Computer Laboratory, Elizabeth used to bring in coffee and sandwiches. However, the marriage was not a success and John and Elizabeth were divorced in 1956.
In 1962 John purchased the Old Guildhall, Linton, where he lived for the rest of his life. Here he resided close to Ruth Harris, an artist, who remained his lifelong companion and friend.
T M R C U
In the autumn of 1945, John journeyed to Cambridge to meet Max Perutz, who, having returned from various adventures in the war, was running a one-man research team on protein structure at the Cavendish under the aegis of Sir Lawrence Bragg, F.R.S., then Cavendish Professor. Max was housed in a room in the crystallography department on the top floor of the Austin Wing. In spite of John's having turned up unannounced, Max was impressed by this efficient young man in a Wing Commander's uniform. Moreover, John decided to take the risk of joining the uncertain-looking venture. It was agreed that John should come and work with Max on an X-ray diffraction study of the differences between foetal and adult sheep haemoglobin for a PhD thesis under the direction of Bragg. John had the residue of his Department of Scientific and Industrial Research grant from before the war, so he did not cost anything. Later John was offered a fellowship at Peterhouse (by John Pringle (F.R.S. 1954), another ex-radar boffin, while waiting in a cinema queue). However, in 1947 the continued existence of the group was in jeopardy. David Keilin, F.R.S., Head of the Molteno Institute, Quick Professor of Biology and an authority on haem-containing proteins, suggested to Bragg that he might approach Sir Edward Mellanby, F.R.S., Secretary of the Medical Research Council (MRC). In October 1947, in one of the world's more far-sighted acts of funding, Perutz and Kendrew's nascent group was taken over by the MRC as a Unit 'For the Study of the Molecular Structure of Biological Systems' with Perutz as director and Kendrew as an independent part-time member. The main aim was to elucidate the chemical structure of proteins-the molecules of life. John and Max were at the same time members of the Molteno Institute, where one could meet biochemists and do biochemistry. There John worked with Joan Keilin, who introduced him to horse heart myoglobin. Myoglobin, like haemoglobin, is an oxygen-carrying haem protein. It has the advantage for analysis that its size is only one-quarter that of haemoglobin.
In 1948 John and F.J.W. Roughton organized a conference in memory of Sir Joseph Barcroft, F.R.S., late Professor of Physiology, on the subject 'Haemoglobin'. They assembled an impressive array of physical chemists working on proteins. This meeting was a prototype for many later meetings held under the rubric 'Molecular Biology'.
Protein crystals yield tens of thousands of X-ray reflexions, each of which needs to be measured accurately for the calculation of the electron-density map of the crystal by means of a Fourier summation. There were three problems: measuring 20 000 or more reflexions; calculating a Fourier summation for each of perhaps 100 000 lattice points; and determining the phases of the reflexions. When the MRC group was founded, none of these problems had been solved, nor did they seem solvable. Such was the faith of the MRC that it funded the group despite such manifest shortcomings. Crystals could also be disordered, yielding only low-resolution data. Moreover, the horse heart myoglobin crystals remained too small to give decent diffraction photographs. John was therefore predisposed to tackle the second problem as and when it became possible. He was very interested in data storage and retrieval and in problems of abstracting and indexing scientific works. He explored the theory of keysort cards and even invented a keysort card system of his own, which he used for referencing his reprints. Then he engaged Hugh Huxley (F.R.S. 1960) as a research student. Huxley baulked at the idea of calculating a Patterson summation by hand for one of John's sheep haemoglobins and talked with John Bennett, one of his friends from Christ's College, who devised a program to sum the series on EDSAC I, the Cambridge University electronic computer. Later an active collaboration ensued between Bennett and Kendrew. Together they forged the first-ever program for computing a Fourier summation for X-ray structure analysis (1)*. Storing enough cosines was a major problem. Then, while sitting on a train to Cardiff, Bennett saw how this could be done: one used the electronic analogue of Beevers-Lipson strips, which were the basis of hand calculations. John Kendrew wrote in his notes: 'Byron's daughter, Lady Lovelace, said of Babbage's analytical engine: 'The machine has no pretentions to originate anything; it can only do what we know how to order it to perform'.
The program in EDSAC I order code developed by Bennett and Kendrew showed great ingenuity (which, given the size of the machine, it had to). It was used to compute the first two-dimensional Patterson map of myoglobin. John was invited to the Inaugural Conference of the Manchester University Digital Computer in July 1951. Speakers included Alan Turing, F.R.S., and Maurice Wilkes (F.R.S. 1959), with a special discussion on digital computers and crystallographic calculations. As John remarked, the development of protein crystallography was to go hand-in-hand with the development of the electronic computer.
The basis of Max Perutz and John Kendrew's work had been laid down in the 1930s by the observation by Dorothy Crowfoot (later Hodgkin; F.R.S. 1947) and J.D. Bernal that protein crystals give splendid X-ray diffraction patterns as long as they are kept wet. Thus, when Hugh Huxley's interests turned from haemoglobin to muscle, he worked on surviving (hydrated) muscles. John was interested in micromethods, in particular in the possibility of getting diffraction from parts of cells. A microfocus X-ray tube had just been developed at Birkbeck College, London. Hugh Huxley had a copy made for Cambridge. With this X-ray source Hugh Huxley was able to observe the very-low-angle equatorial reflexions from a frog * Numbers in this form refer to the bibliography at the end of the text.
muscle. Moreover, he noted marked changes in these reflexions as a living muscle went into rigor (as it used up ATP). This observation started modern muscle research. John kept an avuncular eye on his student's work and corresponded with Albert Szent-Györgyi and his wartime colleague A.V. Hill on various muscle matters. Hill advised that one should keep muscles alive. However, one should not try to use tortoise muscle even though it was slow. John also conferred with Albert Szent-Györgyi at Woods Hole in the course of a visit to Dorothy Wrinch to discuss her cyclol theory of proteins. This led to his meeting Andrew Szent-Györgyi, cousin to Albert, whom he introduced to Hugh Huxley. This in turn led to an enduring friendship.
Features in the early Patterson maps of haemoglobin suggested that the protein molecules had rod-like features. This provoked Max and John to try to devise the secondary structures of polypeptide chains. In this endeavour they were overtaken by Pauling and Robert Corey, who used planar peptide groups and abandoned the constraints of crystallographic symmetry to arrive at the α-helix. Losing out to Pauling caused Bragg considerable irritation. Francis Crick (F.R.S. 1959), a theoretician and a refugee from the Strangeways Laboratory, was urged to calculate the diffraction to be expected from anα-helix. Then Jim Watson (For.Mem.R.S. 1981) came to John's laboratory as a postdoctoral worker. Watson was initially set to work on proteins with Bob Parrish. Jim, however, was determined to work on DNA and he soon devised a better use for Crick's helical diffraction theory. However, their ensuing DNA research was so far from the theme for which Jim Watson's grant had been given that the grant was withdrawn. Jim Watson was offered free lodging with John and Elizabeth at 1 Tennis Court Road, where he stayed for a year. This led to many tennis matches involving Jim, Elizabeth Kendrew and Hugh Huxley. In spite of such distractions, the results accruing from Jim Watson's sojourn chez Kendrew were to have a very significant impact on science.
M
A collaboration with Margaret Pope at the Radcliffe on foetal haemoglobin and myoglobin had reinforced John's interest in myoglobin. The question then was: Which species would give the best myoglobin crystals? The horse protein was proving difficult. Diving animals were generally favoured because they are rich in myoglobin, which is used as an oxygen store in the muscle. John tried various sources of myoglobin, including penguins. By the end of 1952 John was getting excellent diffraction data out to 2 Å resolution and beyond from crystals of sperm whale myoglobin. With these crystals there should be no problems in collecting X-ray diffraction data with the Buerger precession camera, which Max had introduced. More powerful Xray tubes would be needed. Tony Broad was employed in 1949 to solve this problem and at John's suggestion powerful rotating-anode X-ray tubes were built and installed in the basement of the Cavendish. Initially these were maintained by Mike Fuller. Later, Len Hayward and his workshop mass-produced these awesome and noisy machines. Densitometers would be required to measure the intensities from the X-ray films. All this seemed like familiar OR stuff, which was John's métier. One problem remained: how to obtain the phases.
J.M. Robertson, F.R.S., in Glasgow, had used the method of isomorphous replacement to calculate phases. Could this also be used for proteins? The molecules were so big and the heaviest heavy atoms so light in comparison that it was widely assumed that the effects of adding a heavy atom would be unmeasurable. Max Perutz was undaunted and realized that the effects of the heavy atoms as point scatterers would be disproportionately large. He took on Vernon Ingram (F.R.S. 1970) to add mercury atoms to the free thiol groups of haemoglobin. This worked, and the modified haemoglobin crystallized. In an epoch-making publication with Max's research student David Green, it was demonstrated that the phases of reflexions from protein crystals could be derived experimentally (Green et al. 1954 ). Now the road was open.
Myoglobin has no free thiol groups, so another approach was needed. John was joined by Howard Dintzis and Gerhard Bodo, who tried the approach of soaking in heavy-atom complexes in preformed crystals in the hopes that the atoms might find a cosy corner in which to form a coordination complex. The assay for binding was to look for changes in the diffraction pattern. This method worked and after an enormous number of trials it finally yielded five good, single-site, isomorphous heavy-atom derivatives. However, to employ heavy atoms for phase determination one needs to determine their relative positions. Myoglobin crystals from the sperm whale have a two-fold screw axis. A projection normal to this axis is centrosymmetric and the phases are restricted to zero or π. In this plane, finding the heavy atom coordinates is fairly easy. However, along the symmetry axis, conventionally chosen as the y-axis, things are not so straightforward. John had decided initially to limit the data collection to 6.0 Å resolution, because at this resolution α-helices should be visible. At this lowish resolution there are not many reflexions available for a determination of the relative ypositions of the heavy atoms. The problem was intellectually challenging and led to Max Perutz's publishing two Fourier synthesis-type methods and to an elegant algebraic solution from Sir Lawrence Bragg. A Patterson method was devised by Gerhard Bodo and Hal Wyckoff. By correlating the answers from all these methods it was possible to establish the relative coordinates of the heavy atoms along the y-axis (2).
The low-resolution Fourier map was a testing ground: it allowed methods to be developed that could later be extended to higher resolution. Data were recorded on X-ray film with Buerger precession cameras (which yield an undistorted section through reciprocal space; thus, the Bragg reflexions were arranged on straight lines) and measured with a Walker densitometer (which could scan along straight lines). All available resources were used for the film measuring and the calculations of the phase angles; for example Walter Hoppe, a senior visiting scientist, was given the task of drawing phase circles (using the Harker method with ruler and compass). In the end all was offered up to EDSAC I. The resulting electron-density map, duly published in Nature in 1958 (3), was impressive. A molecule of myoglobin semed to be a sausage-like tube wound up in a knot around the haem group. The dimensions of the tube were what one expected from an α-helix. Therefore it seemed that myoglobin was ca. 80% α-helix, all curled up.
On his retirement from the Cavendish Professorship in 1953, Lawrence Bragg took up the position as Director of the Royal Institution in London, a position that his father had held when Bernal was there. He appointed John and Max visiting readers of the Royal Institution and assembled a team of scientists to work on protein structure. This was led by David (later Lord) Phillips (F.R.S. 1967), and included Violet Shaw and a team of computing assistants recruited from the Married Women Scientists Employment Association led by Win Brown. All were now set to work on myoglobin. Uli Arndt (F.R.S. 1982) and David Phillips devised an automatic diffractometer (based on the geometry of the Buerger precession camera) that was later to obtain very-high-resolution data on myoglobin. David Phillips was concerned with data collection and about the effects of radiation damage. Violet Shaw grew many crystals. Backed by the group in London, John now made a relentless attack on the high-resolution structure of myoglobin. These were heady days and John ran an excellent team with high morale. Data were collected on X-ray film to 2.0 Å for myoglobin and the five isomorphous heavy-atom-substituted myoglobin crystals. Four sets were collected in Cambridge and one in London. Crystals were grown; precession photographs were obtained and measured. Because the dynamic range of X-ray film is limited, most reflexions were measured from three or four films at various exposures. Joan Blows and her helpers measured altogether 200 000 reflexions. In scaling data, the problems of geometrical correction (Lorenz corrections) and absorption had to be dealt with. John was joined by two enthusiastic postdocs, Bror Strandberg and Dick Dickerson. Other scientists such as David Davies, F.R.S., were now visiting Cambridge to discover the secrets of protein structure determination. They were all found jobs to do. John organized everything and checked everything. The heavy-atom positions were refined, and in a comparatively short time a nominal 2.0 Å electron-density map was calculated. Because even the new EDSAC II had a limited store, the input data were read one reflexion at a time in a defined order from paper tape. The resulting festoons of paper tape hanging from a rod were carried ceremonially to EDSAC by Strandberg and Dickerson. Using a program written by David Green, the map was calculated in about 12 hours. The map, calculated purely from experimentally derived phases, was amazingly good. It had an effective resolution of ca. 2.5 Å without refinement. It showed the haem group in detail, the polypeptide chain and many side chains, including the famous histidine residues that coordinate the haem. It showed the iron atom to lie slightly out of the plane of the haem group. The publication of the atomic structure of myoglobin (4), along with the 6 Å structure of haemoglobin (Perutz et al. 1960 ) (which showed that haemoglobin was approximately four myoglobins stuck together) in Nature in 1960 truly heralded a new era in biology. It was honoured with alacrity by the award of the 1962 Nobel Prize in Chemistry jointly to John Kendrew and Max Perutz.
One of the new problems thrown up was how to build a model of a molecule with 1200 atoms and how to compare this with the calculated electron density. Steel rods were set up on a wooden base about every 1 Å on a scale of 2.0 inches Å −1 . The density was displayed with coloured clips attached to the rods. An atomic model could be built into this walk-in display by using preformed 'atoms' made of brass rods soldered together with the appropriate valency (tetrahedral carbon, trigonal nitrogen, and so on) and planar peptide groups. These models could be secured by metal joiners representing covalent bonds. The models became known as Kendrew models and (on a smaller scale) were widely used in protein crystallography for the next 25 years. The rather large model of myoglobin that John built was housed in the disused cyclotron hall in the Cavendish Laboratory (it is now in the Science Museum). The first glimpse of a protein structure moved John to liken the moment when he and Max first regarded the structure of myoglobin to the discovery of the New World. John was elected a Fellow of The Royal Society in 1960.
The phases from multiple, isomorphous, heavy-metal replacement are inaccurate at high resolution. The normal procedure to extend resolution in crystallography is to take over the phases calculated from an atomic model and to combine these with the observed amplitudes to produce a new and better electron-density map. The model is adjusted to the new map and the process repeated. The process is known as Fourier refinement. David Phillips and his group at the Royal Institution had measured data out to 1.4 Å resolution. For these data there were no experimental phases. John put Herman Watson in charge of incorporating the data by Fourier refinement.
The sequence of myoglobin was not known; neither could all of the side chains be identified from the electron-density map alone. This was one serious source of uncertainty in the model. John approached Stanford Moore and William H. Stein at the Rockefeller about sequencing. As a result of this contact, Alan Edmunson came to the MRC Unit in Cambridge to perform the sequencing of myoglobin. He made use of the method of Edman degradation, which identifies amino acids one at a time from the carboxy-terminal end. The protein is first broken into peptides, which are then sequenced. The sequencing was performed by an automatic machine under which Alan seemed to spend most of his working life. This method of sequencing was in sharp contrast to the simple manual method based on paper chromatography that had been developed by Fred Sanger in the nearby Cambridge University Biochemical Laboratory. The sequence of myoglobin was finished in 1965, after the group had moved into the new Laboratory of Molecular Biology.
An automatic procedure for improving resolution is to match the calculated diffraction amplitudes to the experimentally measured diffraction amplitudes and to calculate the necessary shifts in the model that would improve the fit by the process of least-squares refinement. The process was becoming routine for small-molecule crystallography but was not calculable for something the size of myoglobin with computers such as EDSAC II. The difficulty with least-squares programs is that the size of the normal matrix that has to be stored and inverted increases as the square of the number of variables. For myoglobin, with 1200 atoms, the problem was therefore how to store and deal with a 3600 × 3600 matrix. The advent of the IBM 7090 computer meant that the process was feasible. Charles Coulter was taken on by Max Perutz and John to write a least-squares refinement program for myoglobin and haemoglobin for use on the Aldermaston IBM 7090. A simplifying approach used in small-molecule crystallography is to take only the diagonal terms of the normal matrix, which makes the inversion trivial, and to ignore the rest. The expectation is that the inaccuracies introduced by ignoring most of the normal matrix can be ironed out by repeating the process for a number of cycles. Charles Coulter tried this approach on myoglobin, and it did not work. He had tried refining against the experimental phases, which we now know is the wrong strategy. Moreover, it turned out that there was a serious bug in his program. John then gave the problem to Carl Branden, who was an experienced refiner of small molecules. Branden spent a stressful year writing a program that treated each of the peptides as a planar group, thereby reducing the number of parameters considerably. The peptide groups were constrained to join together to make a chain by the Lagrange method of undetermined multipliers. He had help from Ken Holmes (F.R.S. 1981) with the algebra. This program was run on a commercial IBM 7090 in London. It reduced the R-factor (an index of agreement between observed data and data calculated from the model) from 38% to 36% in one cycle. However, this cycle of refinement cost £3000! At the time it looked like a small return for a lot of money (annual salaries were much smaller) and Max Perutz said it was too expensive. John therefore decided to discontinue the refinement. Moreover, on the somewhat misguided advice of Herman Watson, the method was not published. Later the same approach was very successfully used in the Hendrickson-Konnert refinement program. We now realize that it was actually working well. Unfortunately, the 1.4 Å data so laboriously collected at the Royal Institution were never used. In point of fact, John's interest was already somewhere else. He had shut his voluminous notebooks. Thereafter he took no direct part in the experimental work. In fact the board met only rarely, all day-to-day decisions being made by Mike Fuller, the head of stores. John and Max shared the direction of the division of structural studies. Their division was large, containing a number of strongwilled independent groups. John was frequently away in London on business for the Ministry of Defence. On top of this he was more and more involved with the European Molecular Biology Organisation (EMBO) and the setting up of the European Molecular Biology Laboratory (EMBL). These heavy external commitments strained even John's organizational and managerial talents, so that control devolved to a divisional steering committee.
B  
In 1962 the newly opened laboratory was honoured with three Nobel Prizes, John Kendrew's and Max Perutz's in Chemistry, and Francis Crick's shared prize in Physiology and Medicine with Jim Watson and Maurice Wilkins, F.R.S. In the first decade a steady stream of outstanding American postdoctoral workers was to go through to fill many of the chairs in biochemistry and biophysics in the Ivy League Schools. Despite this unparalleled success the laboratory was not absorbed into the academic body of the University of Cambridge. Thus the members of the Cavendish Wives Club originating from Hills Road were known as the 'fringe wives'. Only a minority of scientific staff were Fellows of colleges. This was a problem for the American visitors, who often felt out in the cold. However, the intellectual importance and innovative brilliance of the laboratory can hardly be overestimated.
T M  D
John's lasting interest in defence matters led him to be appointed in 1962 to the post of Deputy Scientific Advisor to the Ministry of Defence, under Sir Solly (later Lord) Zuckerman, F.R.S. During this time John was heavily engaged in work for the Ministry of Defence and made several important contributions to defence planning. However, all John's work for the Ministry of Defence is still shrouded under the Official Secrets Act. Sir Hermann Bondi, F.R.S., relates that on one occasion John enquired what the purpose of tanks was. When the answer came that they were needed to fight enemy tanks John irreverently suggested that if we were to scrap our tanks the Russian tank armies would become void of significance. Later, when Hermann Bondi was appointed Chief Scientific Advisor, John became Chairman of the Defence Scientific Advisory Council. Hermann Bondi was an old college friend of John's. It is rumoured that John chaired a commission advising the scrapping of the British nuclear deterrent! Be that as it may, his services to the Ministry of Defence were serious enough to elevate him to a knighthood (1974) . He built up a reputation as a very effective committee chairman who had a gift for summing up complex discussions in a few succinct conclusions.
T E M B O
John noted with dismay that the informed enthusiasm of postdoctoral workers for coming to the Laboratory of Molecular Biology from the USA was not matched by their equivalents coming from Europe. For John, a convinced European who could communicate in four languages, this was a matter of deep concern. Therefore he and Max, together with their colleagues and friends, particularly Jeffries Wyman, determined to set up an organization to promote trans-European exchange in molecular biology. The moment of inception of this movement seems to have been a meeting between John and Jim Watson with Leo Szilard and Vicky Weisskopf at CERN (Geneva) after the Nobel Prize ceremony in December 1962.
Initially it was envisaged that one should set up an equivalent to CERN for molecular biology (referred to by the acronym CERB, later EMBO) alongside CERN. The first crucial meeting, now involving Max, was at Ravello on 16 and 17 September 1963. Here much of the future shape of the organization was determined: there should be European fellowships; special training courses should be organized; and a central European research institute in molecular biology should be established. Max Perutz was elected Chairman of the provisional executive committee. About 200 European biologists were invited to become members of the EMBO. A constituent council meeting of the EMBO was held at CERN on 2 February 1964. The first council meeting ushered in a period of great activity, much of which involved Max and John. Statutes and membership were defined. The EMBO was set up as a private organization, in part to avoid the bureaucratic delays and encumbrances pertaining to an affiliation with UNESCO or some other international organization. Max Perutz, with the encouragement of A. Butenandt (For.Mem.R.S. 1968), applied for a three-year grant from the Volkswagen Foundation, which was approved. Funds were also made available by the government of Israel and from Interpharma. This gave the EMBO a good start. Furthermore, the continued support and diplomatic involvement of the Swiss government was a strong element in the final acceptance of the organization by the European governments. Ray Appleyard was seconded from EURATOM to become the first Executive Secretary of the EMBO. The EMBO remained a private organization so that funds for it were channelled through a parallel intergovernmental organization, the European Molecular Biology Conference (EMBC). 
T E M B L
Whereas the fellowship programme and course programme received broad and enthusiastic support, the Laboratory Project had a lukewarm or even hostile reception. This dichotomy appeared very early. The enthusiasts for the central laboratory were mainly physicists or physical chemists such as Leo Szilard, Vicky Weisskopf and John himself, whereas the opposition were biologists, who can be typified by C.H. Waddington. The Waddington view was that biology needed decentralized networking such as the EMBO was to provide. The reaction of The Royal Society was xenophobic. However, John had already savoured the fruits of 'Big Science'. Moreover, it fitted well with his OR talents. The difficulty that John had was to identify areas of biology that truly benefited from the 'big science' approach. This debate was to dominate the founding years of the central laboratory (6).
A critical meeting, convened by the EMBO, took place in November 1969 in Konstanz. The Konstanz meeting determined that the European Laboratory should concentrate on technology that was too big or expensive for national laboratories. Soon after this it was demonstrated by Gerd Rosenbaum and Ken Holmes that synchrotron radiation could be used as an intense X-ray source for structure determination. The Deutsches Elektronensynchrotron (DESY) in Hamburg was a suitable synchrotron and was willing to help in providing facilities. With alacrity John and Hugh Huxley, who was convener of the laboratory instrumentation working group, incorporated synchrotron radiation into the Konstanz plan and produced a revised version foreseeing an outstation at Hamburg for synchrotron X-radiation. Later a second outstation at Grenoble was added for neutron diffraction. The amended plan was submitted to the EMBO's council in the autumn of 1970. John's persistance and diplomacy was rewarded. Now there was enthusiasm for the laboratory. To achieve equal distribution of international organizations it appeared that the site should be in Germany. The EMBO set up a site committee. The EMBC set up an official inter-government committee for the same purpose. On account of the strong instrumentation slant proposed for the new laboratory, a site close to a large physics laboratory was favoured (this argument had been made hoping that CERN might be a partner, but Switzerland already had too many international organizations). Several sites in Germany, including two in Munich and one picturesque site in Heidelberg, were considered. Both committees strongly recommended Heidelberg, although this was not the official German offer. The site was on a wooded hillside overlooking the Rhine plain. Next door was the Max Planck Institute for Nuclear Physics, which had facilities of interest for the EMBL. The site was also about 5 km away from the university, a factor that John felt to be important so as not to be engulfed by a bigger organization. Heidelberg became the site of the EMBL.
In 1971 The signing of the agreement at CERN establishing the EMBL on 10 May 1973 was the end of the beginning. Ten countries signed. This time the UK Minister of Education, Margaret Thatcher (F.R.S. 1983), was right behind the project. However, all John's diplomatic skills were required to get the Italian signature, and Italian ratification took another cliffhanging year. In November 1974 the duly constituted EMBL Council appointed John to be Director General from 1 January 1975. John was seconded from the MRC to take up his new post in Heidelberg. However, he kept his house in Linton. The EMBL was started in temporary accommodation in Heidelberg. The administration was housed in the German Cancer Research Center. Marc Delauche would not leave Brussels, so a new Head of Administration had to be found. Daniel Guggenbühl became Head of Administration but resigned unexpectedly after one year. Jack Embling, formerly Deputy Under Secretary at the Department of Education and Science, who had worked with Margaret Thatcher and knew all about the EMBL and about Germany, left retirement to perform this onerous but essential job. Embling set the tone of the new laboratory. Some experimental groups and the library were housed in the old University Biochemical Laboratory, a building that had housed Bunsen. The workshops and the Director General's office went to huts adjoining the Max Planck Institute for Nuclear Physics. John felt at home in surroundings not unlike those he had left behind in the Cavendish. On 5 May 1978 the splendid new building was opened.
Although John was given to debunking pomposity with his quick and irreverent humour, he could also be rather traditional. Thus he took great interest in the interior decorations of the new laboratory. In particular, in the library he wished a certain kind of reading lamp to be used. These lamps were to be similar to those with green shades used in some Cambridge college libraries. Very importantly, a central cafeteria should function as a place for swapping ideas. Moreover, the organizational structure he foresaw for the EMBL was not unlike the very successful model of the Laboratory of Molecular Biology: three strong divisions representing instrumentation, structural studies and cell biology. John ran into trouble with the reading lamps, nor was he wildly successful with his divisional managers. The problem was inherent in the founding of a new laboratory out of nothing. In Cambridge, the strong divisional leaders such as Francis Crick or Sydney Brenner were in-house products. In Heidelberg one would have to buy them in. The problem is shared by football teams. In John's case the transfer fees were mostly exorbitant and were not to be realized. Thus, a division of neurosciences under Ricardo Miledi, F.R.S., never happened; neither did a nuclear magnetic resonance group under Ray Freeman (F.R.S. 1979); or a cell biology division under Lennart Phillipson. He did receive excellent help from Ken (later Sir Kenneth) Murray (F.R.S. 1979) and Noreen Murray (F.R.S. 1982), who came for three years. Moreover, he was successful in persuading Leo de Maeyer to add the Head of Instrumentation at the EMBL to his list of peripatetic appointments. In fact both of these appointments were very important for the EMBL. Among his many achievements Ken Murray set up the data library with Greg Hamm, which has grown to become the very important EMBL Bioinformatics Outstation at Hinxton. Leo de Maeyer supported detector development for synchrotron radiation. He also initiated a programme of optical microscopy, which led to the EMBL's excellence in confocal microscopy. John himself initiated and strongly supported Jacques Dubochet's work, which made Heidelberg a world centre for cryo-electron microscopy.
The economical solution to the divisional leader problem was for John to grow his own. Thus, John appointed numerous young group leaders with short-term contracts, which would not normally be extended beyond nine years. In his selection John relied heavily on his starstudded Scientific Advisory Committee (SAC), which therefore could claim a considerable role in the success of the laboratory. This organizational form was generally successful and led to the appointment of, for example, Kai Simons, who in due time was to make the EMBL the foremost cell biology laboratory in Europe. However, the field of science was so wide that John was not always in a position to make his own critical appraisals. He had to rely on the advice of the SAC, which sometimes gave bad advice; with hindsight, perhaps the most memorable was their not encouraging Christiane Nüsslein-Volhardt (For.Mem.R.S. 1990) to stay on when her collaborator Eric Wieschhaus departed for Princeton. The paper that Nüsslein-Volhardt and Wieschhaus had just published from the EMBL was to earn them the Nobel Prize-the closest that the EMBL has ever got to this accolade. Moreover, John's success in his own field, protein crystallography, was uneven. There were two circumstances militating against the EMBL in protein crystallography: the first was the UK point of view that the EMBL should not do protein crystallography because this was well represented in UK laboratories; secondly, John was searching for new methods that might supersede protein crystallography. It turned out that John had very far-sightedly, and against much expert advice, already selected the best: synchrotron radiation. Somewhat ironically, the real strength of synchrotron radiation was to be in protein crystallography. Synchrotron radiation transformed protein crystallography from an important but somewhat esoteric method into a very powerful general technique, later to take its place alongside DNA sequencing as one of the pillars of the new biology. The EMBL outstation at DESY Hamburg thrived and became very popular. In particular, for protein crystallography it made itself indispensable. Moreover, at critical moments the DESY outstation provided the EMBL with a raison d'être.
The actual EMBL turned out to be rather different from the plan. It was a great place for young scientists to get a toehold, particularly if they had been in the USA as postdoctoral workers. Moreover, it was a good place for southern Europeans to get some work done. The scientists were young and vigorous, and as soon as the new building was opened the laboratory took off with amazing rapidity. Much of the strength turned out to be in establishing networks rather than monolithic 'big science'. It was a truly pan-European laboratory that quickly became so indispensable that it was difficult to imagine how one could have done without it. Piet Borst of the Netherlands Cancer Institute later wrote:
The EMBL is a place where the major discoveries are being made, a breeding ground where talent can mature, a meeting place that vibrates with excitement…. The most important, however, in my perception is its model function. This is how top science should be done, this is how a centre of excellence should be run.
Without John Kendrew there would have been no EMBL. John's years in Heidelberg were productive, and the laboratory grew apace. The Council of the EMBL extended his appointment until 1982, which marked his retirement age. However, his relationship with the Council was not easy. John valued loyalty, which was not always forthcoming from the Council. He had strong disagreements with the Finance Committee, which did not see why one should pay John the money for the salaries of scientists he had not yet recruited. John argued that the Council should not get involved with directing the laboratory but should pay what it had promised. Faced with what to him seemed as malevolent opposition he could display a certain petulance. This led to the Council's taking a rather narrow view about the retirement age of directors. For 20 years John Kendrew had worked and planned for the EMBL and had given his best. He requested that he might be granted another few years to finish off his creation. The Council was adamant that he should go at 65. John left the EMBL bitter and angry.
On the occasion of his 80th birthday came reconciliation. John returned to Heidelberg for a symposium in his honour. It was a splendid celebration hosted by Fotis Kafatos, now Director General. Characteristically, one of the things that John valued highly was the chance to have dinner with the workshop, technical, and service staff that he had known at the EMBL.
S J' C, O
After his work at the EMBL, John was elected to the presidency of St Johns College, Oxford, a post that he held for seven years. The election of John Kendrew to the presidency was an unusual act for a conservative college. John was the first scientist to hold the office in three centuries and, moreover, he was a Cambridge man. However, under his aegis the college enjoyed a period of success. His presidency seemed uneventful, which might have been the secret of its success. John's effectiveness as a chairman was of considerable value within the tangled politics of the Fellowship. John's interest in interior design and in music led him to totally redecorate the President's Lodge and to install a hi-fi system of some power. Thus it was reported that undergraduates complained of being kept awake at night by the music issuing from the Lodge. As President, John was expected to lead the Fellowship into chapel. This requirement led to his practically never being in Oxford on a Sunday. However, his affection for the college was manifest in the terms of his will: he left an endowment for two studentships, for science and music, specifically for students from developing countries.
JOURNAL OF MOLECULAR BIOLOGY
Of John's many extramural activities, his founding and editorship of the Journal of Molecular Biology stands out. John was Editor-in-Chief from the first issue in 1959 until the post was taken over by Sydney Brenner in 1987. For many years John ran the journal from his college rooms. The journal did much to define the emerging discipline of molecular biology. The first editorial board was Paul Doty, Andrew (later Sir Andrew) Huxley, P.P.R.S., Bob Sinsheimer, Jim Watson, Maurice Wilkins and John himself. At the time of its founding the journal represented activities somewhat outside the mainstream of biochemistry, much in the spirit of the Barcroft Memorial meeting that John had organized 10 years before. Biochemistry was still largely concerned with identifying enzymes and metabolic processes and had not given much thought to how enzymes were made or to the molecular mechanism of their catalytic function, which was the stuff of molecular biology. Input into the journal came from physical chemistry, enzymology, physiology, structural biology, and more and more from the emerging field of molecular genetics.
Since then the unnatural division between biochemistry and molecular biology has melted away.
I C  S U
John was appointed Secretary General of the International Council of Scientific Unions (ICSU) in 1974, a post that he held for six years. In 1982 he was invited to return as VicePresident and for six years he was its President. John was the longest serving officer that the ICSU has ever had. During his 13 years he reorganized the Paris headquarters and left it in a much healthier state than when he joined. In this he was aided by Julia Marton-Lefèvre, whom he appointed as Assistant Executive Secretary (later a very effective Executive Secretary) in 1978.
As President, John was active in the negotiation of the admission of the China Association of Science and Technology. This was necessary because Taiwan had some years earlier succeeded to the old-established membership of the Academia Sinica. China wanted Taiwan expelled. However, there were no grounds for expelling the Academia Sinica. It took all John's diplomatic skill to sort out this intransigence. Ultimately both Chinas came to be represented in the ICSU.
It was under John's presidency that the ICSU launched what has become one of its most important projects, a multi-disciplinary scientific examination of the Earth system known as the IGBP, the International Geosphere-Biosphere Programme: a Study of Global Change. It was also under his leadership that the ICSU undertook studies in genetics and biotechnology. In a partnership between the United Nations Educational, Scientific and Cultural Organization (UNESCO) and the ICSU, John backed the formation of 'networks' in developing countries to boost science there, and he remained much involved in the role of science in these countries, even after his ICSU years.
John On the occasion of his 80th birthday, Peterhouse organized a dinner in his honour. The university awarded him a doctorate honoris causa. John was moved by this recognition from his alma mater and was in great spirits on this occasion. He died soon afterwards.
J K,  
In addition to his passion for science and organizational matters, John's deep interest in exploring the world, in art, books and music, stayed with him throughout his life. He was an enthusiastic traveller (often accompanied by his camera) who was always prepared to taste local foods, to visit the markets, and to climb on all the ancient ruins he could find.
To give an impression of John's complex personality, I quote the views of some of his coworkers and colleagues.
…on the one hand [there is] his methodical and analytical power, his meticulous not to say obsessive insistence on accuracy and comprehensive documentation … on the other hand, an aloofness or elusiveness of temperament which sets certain limits to personal relations. There are steadiness and control, a detachment combined with seemingly tireless application which constitute a formidable intellectual armoury and which are present from the earliest records.
Jeannine Alton (Compiler of the Kendrew papers)
Kendrew's world-view, as we might expect from a man of his politics, was remorselessly secular and rationalist. Furthermore, he retained his secularity to the last hour with a determination few of us possess. When life is over, life is over, and that is it. In fact, this was a position he reached not without effort. As a young man he was clearly interested in religion and human spirituality, even in something as comparatively recondite as Tibetan Buddhism, and in the relationship between science and religion. Nor, it seems likely, was he interested in them merely as intellectual problems. I suspect that his rejection of religion and his adherence to a rather positivist rationality was not instinctive but came after something of a mental struggle. And we might conjecture that 'spirituality' was never banished from his personality: his intense preoccupation with art and music, especially music, was surely not entirely secular, and we know that he continued to be engaged with the relations between religion and science.
His aloofness was, in fact, a side of one of his virtues: His balance and his slight suspicion of excitability. James Watson, his graduate student [sic] , in The Double Helix, gives an amusing example. He describes the scene in the Kendrew kitchen, when, after a night on the town, he revealed to John and Elizabeth Kendrew that DNA was indeed double-helical-Elizabeth was excited at the news; John took it more calmly. It is a scene most of us can imagine. A reluctance to overstate things was also part of Kendrew's modesty. He was asked once why he thought Cambridge biochemistry was so brilliant in those years after the war: 'Oh', he said, 'it was Bragg and the money. I went for years getting wrong results and still the money kept coming in.' There was something of the same in his attitude to the College: he had concluded on arrival that the College was very well-run, as it was, and not even Nobel prize-winners should interfere with things that are very well-run.
Ross McKibbin (St John's College, Oxford)
It was a great time gently managed by John Kendrew who sometimes was so distant that some of the staff did not realize he was there. John was a shy man. In my dealings with him I usually chose Saturday afternoons to talk with him. I had to jump over the fence of the Max Planck Institute for Nuclear Physics where John had his office before the EMBL building was finished. I was involved in trying to recruit scientists in the area of molecular cell biology and I had to convince John to accept the candidates. These Saturday afternoon discussions were fantastic and I learned to respect him deeply for his enormous knowledge and his insights into biology. The amazing fact is that as soon as a third person joined the discussion the tone changed completely and you could even get the impression that John Kendrew was boring because he did not say very much. His style of leadership therefore remained an enigma to most people who did not come into close contact with him. Kai Simons (Program Coordinator, EMBL, on the early days of the EMBL)
Mary (my wife) and I knew John for 40 years. J.D. Bernal and John examined my thesis. We like to imagine that John and the EMBL came to Heidelberg because we were there first. John helped me to start synchrotron radiation. Later at the EMBL, Mary was his librarian. To us he was a much appreciated elder brother for whom we had a deep affection.
